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Relationship of Asplenium yunnanense and A. lushanense 
inferred from the sequence analysis of chloroplast 
rbcL, trnL-F and rps4-trnS 
'LIChun-Xiang LU Shu-Gang 


(State Key Laboratory of Palaeobiology and Stratigraphy of Nanjing Institute of Geology and Palaeontology, 
the Chinese Academy of Sciences, Nanjing 210008, China) 


"(Institute of Ecology and Geobotany, Yunnan University, Kunming 650091, China) 


Abstract The relationship between Asplenium yunnanense Franch. and Asplenium 
lushanense C. Chr. has long been in dispute, and here was evaluated based on the sequence 
analysis of chloroplast rbcL gene, trnL-F and rps4-trnS intergenic spacers. No sequence 
difference in the studied chloroplast DNA regions was found between Asplenium lushanense 
and A. yunnanense, but some nucleotide differences in the corresponding DNA fragments 
were found among other Asplenium species. So, A. yunnanense and A. lushanense cannot be 
distinguishable in terms of chloroplast DNA sequences, and the very close relationship 
between them is further affirmed based on the evidence from molecular data. 

Key words  Asplenium yunnanense, Asplenium lushanense, chloroplast DNA sequence, 
relationship. 
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Table 1 Samples used in sequence analysis and their sequence GenBank accession number 
D 
Species Locality Specimen Genbank Accession No. 
No. rbcL trnL-F rps4-trnS 
[] [] Lu SG/J12 AY545480 AY725038 AY725043 
Asplenium interjectum Christ Xichou, Yunnan (PYU) 
[] [] LuSG/D21 AY545481 AY725033 AY725042 
A. lushanense C. Chr. Mt. Xishan, Kunming, Yunan (PYU) 
0000 0000 Lu SG/C67 AY545479 AY725037 AY725040 
A. pekinense Hance Guangnan, Yunnan (PYU) 
[] [] LuSG/Al2 AY725029 = e 
A. praemorsum Sw. Mt. Ailaoshan, Yunnan (PYU) 
0000 0000 Lu SG/B42 AY545478 AY725035 AY725039 
A. varians Wall. ex Hook. & Grev. Jingdian Park, Kunming, Yunnan (PYU) 
og [] LuSG/Jl3 AY725031 AY725032 AY725044 
A. wrightioides Christ Xichou, Yunnan (PYU) 
[] Ooo Lu SG/A4 AY725030 AY725036 AY725045 
A. yoshinagae Makino Mt. Ailaoshan, Yunnan (PYU) 
[] [] [] LuSG/D22 AY545482 AY725034 AY725041 
A. yunnanense Franch. Mt. Xishan, Kunming, Yunnan (PYU) 
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0 DNAQ LH] O00 O CTAB[] (Hillis et al., 1996, DO HB B BH D. 999p 00000 
O0 
13 [UU LU 
13.1 [JUDOUDD UU rc) 0 OU aH] rs4-mms0 t 00800D0DU0U0uU0DU 
2, HggduuueeectgutuututettrLittle[] Barrington(2003)[] [] Lif (20040 [] , 
trnL-F[] [] Taberlet[] (199D[] O , rps4-trnSQ O B BB D] D] 0 H] O Hennequin[] (2003)[] [] , 
uU utuuuttulut 













































































































































































a 2 e: ii used to amplify and sequence DNA fragments in this study 
[] (5/235 

Primer Direction Primer sequence (5' to 3’) 
RbcL 1 forward ATG TCA CCA CAA ACG GAG AC 
RbcL 424 forward CTG CTT ATT CTA AGA CTT TC 
RbcL 878 forward TCA CCG TGC GAT GCA TGC TG 
RbcL 1379 reverse GC AGC TAA TTC AGG ACT CC 
RbcL 940 reverse CAT GCG TAA TGC TTT GGC 
trnL-F E forward GGT TCA AGT CCC TCT ATC CC 
trnL-F F reverse TTT GAA CTG GTG ACA CGA G 
rps4-trnS F forward ATG TCC CGT TAT CGA GGA CC 
trnS reverse TAC CGA GGG TTC GAA TC 




















132 PCR[I[] [ILL] Perkin Elmer GeneAmp PCR System 96000 [] 07 HE] DJ LI 0 
50 uL, DL DH D D : 2 uL DNAD O (D 2 ng, O Gel Doc] VO 0000), 2.5 mmol/L 
MgCl, 0.2 mmol/L dNTPs, 1X buffer, 0.25 umol/L [] (O0 [] 20 0 [] O RbeL. 1[] RbcL 
1379[] [] rbcL) [] , trnL-F E[] trnL-F FQ] [] trnL-F[] [] , O rps4-trnS FO trnS[] [] rps4-trnS 
O D), 0.8 U Jag DNAQ [I] U (Sangon) [O ), 1 ug/uL BSA, 5% DMSO[B[] DNAT) OOOO 
DO00000000000 00 0 94 °C, 2 mini 72 °C, 7 min]D O 30 DNALD D D U 
40000, 0000000000094 °C, 0.5 min 00000000000000 
0. 00042 °C, 1 min, 72 °C, 1 min (rbcL[] [] ); 52 °C, 1 min; 72 °C, 0.5 min (trnL-F 
O ); 56 °C, 1 min; 72 °C, 0.5 min (rps4-trnS(] L1 OU O OO 0 0 0.8%—1.2%0 [] E] 
[] Gel Dod] O00000., O00PCRO0O0000. DILDO DD BD OD DI 
O Wizard PCR DNA Purification System(Promega)[] [] [] D] ; OO ü ü du 
PCRJU,HO0HUHUUU00UU00UU0U0U0U000U0U0.00000000 
O0,.UO0U0000000000000 

133 Q000 QU000 0 ABI 377 DNAQ 0 OU [] (PE Applied Biosystems, USA)[] 
OO0.03'>505>3' DO22000000000000000U0000U0000N 
(NCBIJ[] O O [O (GenBank)[] . [] (1 [1 0 10 D] D D] GenBank [] D] UU U U D 30 
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30 OOU0:00000000000000 299 
03 0000 upngunatrndü DNA[] 
Table3 GenBank Accession numbers of downloaded DNA sequences in this study 
UB GenBank ua GenBank 
Taxon DU ut Taxon oog 
Accession Accession 
No. No. 
Asplenium adiantum-nigrum L. AF318600 || A. nidus L. AF525270 
A. aethiopicum Bech. AF240654 /!A. normale Don (] B] B. 0 ü AB014703 
A. antiquum Makino U30596 A. normale AY300075* 
A. antrophyoides Christ AB097592 || A. obtusatum Forst. AY283232 
A. aureum Cav. AF538311 A. oblongifolium Col. AY283231 
A. australasicum Hook. AB013250 |A. octoploideum Viane & Van den Heede AF538316 
A. bourgaei Boiss. ex Milde AF318592 ||A. oligophlebium Bak. AB014700 
A. bourgaei AY300055* || A. pauperequitum P. J. Brownsey & Jackson AY283233 
A. bulbiferum G. Forst. AF318601 ||A. pauperequitum AY283219* 
A. cardiophyllum (Hance) Baker AB014706 || A. petrarchae (Guerin) DC. AF525271 
A. caudatum Cav. AF525264 ||A. petrarchae AF525252* 
A. ceterach L. AF538313 || A. phillipsianum (Kümmerle) S. S. Bir AF538320 
A. cheilosorum Kunze. ex Mett. 0 00 0 0 AB014704 A. phillipsianum AY164269* 
A. cordatum (Thunb.) Sw. AF538319 || A. phyllitidis Don AB097594 
A. cordatum AF525235* | A. platyneuron (L.) Oakes ex Eat. AF525272 
A. cuneifolium Viv. AF525265 ||A. platyneuron AF525240* 
A. cymbifolium Christ AB097593 || A. polyodon Forst. AY283234 
A. cyprium Viane & Van den Heede AF538314 || A. prolongatum Hook. DO 000 AB014691 
A. dalhousiae Hook. AF538317 || A. pseudo-wilfordii Tagawa AB014696 
A. emarginatum Pal. AF525266 || A. punjabense S. S. Bir, Fraser-Jenk. & J. D. Lovis AF538318 
A. ensiforme Wall. DO O00 AB014709 A. riparium Liebm. AB014708 
A. feei Kunze ex Fée AF525267 || A. ritoense Hayata AB014692 
A. flabellifolium Cav. AY283227 ||A. ruprechtii Kurata U30606 
A. flabellifolium AY300062* || A. ruprechtii AY300084* 
A. flaccidum Forst. AY283228 || A. ruta-muraria L.[] 0000D AF525273 
A. filipes Copel. U30605 A. ruta-muraria AF525242* 
A. fontanum (L.) Bernh. AF525268 ||A. sagittatum (DC. in Lam. & DC.) A. J. Bange AF240646 
A. fontanum AF525239* || A. sandersonii Hook. AF525274 
A. griffithianum Hook. [3 UO ü AB013252 |A. sarelii Hook. OO 000 AB014693 
A. haughtonii (Hook.) S. S. Bir, Fraser-Jenk. & J. D. AF538321 | A. scolopendrium L. AF240645 
Lovis A. scolopendrium AY459169# 
A. haughtonii AF525236* || A. septentrionale (L.) Hoffm. AF525275 
A. hemionitis L. AF240648 ||A. septentrionale AF525248* 
A. hemionitis AF240663* | A. serratum L. AF318602 
A. hondoense N. Murakami & S. I. Hatanaka AB014705 |A. setoi N. Murakami & S. Serizawa AB013243 
A. hookerianum Wall. AY283229 |A. shuttleworthianum Kze. AY283235 
A. hybridum (Milde) A. J. Bange AF240644 ]A. tenuicaule Hayata 0 o o o 0 AB014694 
A. incisum Thunb. [] 0 0 0 0 AB014697 || A. theciferum (HBK.) Mett. AF336099 
A. jahandiezii (Litard.) Rouy AF318590 ||A. trichomanes L. 0 0 0 AF525276 
A. jahandiezii AY300068* || A. trichomanes AF525237* 
A. juglandifolium Lam. AF525269 | A. tripteropus Nakai OO OOO AB014699 
A. laetum Sw. AB014707 |A.unilaterale Lam. o ü o o o AY459170# 
A. lamprophyllum Carse AY283230 ||A. unilaterale AF240652 
A. lolegnamense (Gibby & Lovis) Viane AF538315 || A. viride Huds. OO OO 0 AF240649 
A. majoricum Litard. AF318587 || A. viride AF525238* 
A. marinum L. AF240647 A. wilfordii Mett. ex Kuhn o o u In o AB014695 
A. marinum AF240662* || A. wrightii Eaton ex Hook. ial u i o o AB014690 
* trnL-F| ; #, rps4-trnS ; 000rb 






























































* indicates trnL-F sequence, # indicates rps4-trnS sequence, and others are rbcL sequences. 
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01 OO Mega2000000000000000 A. rbcL DOO 0000 00 LO HOD [ 
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Fig. 1. The strict consensus tree constructed with Mega 2 software. A, Tree based on rbcL sequences (bootstrap values 
of 1000 maximum parsimony analysis replicates are shown above branches, bootstrap values of neighbor-joining analysis 
are shown below branches). B, Tree based on trnL-F sequences (bootstrap values of 2000 maximum parsimony analysis 
replicates are shown above branches, bootstrap values of neighbor - joining analysis are shown below branches). C, Tree 
based on rps4-trnS sequences (the upper tree is constructed with maximum parsimony analysis, the tree below is 
constructed with neighbor-joining analysis, and bootstrap values of 2000 replicates are shown above branches). Taxa 
underlined are those species sequenced in this paper. 
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[]4 ü 00000 O U rbcL/ trnL-F[] rps4-trnS ü 00000 
Table 4 Base difference and genetic distances between rbcL, trnL-F, and rps4-trnS sequences in Asplenium lushanense, 
A. yunnanense and thier close species 


ü rbcL trnL-F rps4-trnS 
































































































































Taxon 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
A. varians 13 29 29 29 22 25 25. 25 18 56 51 52 
A. pekinense 0.010 30 24 24 0.149 26 14 18 0.039 45 38 39 
A. interjectum 0.023 0.023 31 31 0.233 0.248 18 18 0.133 0.105 48 49 
A. lushanense 0.023 0.019 0.024 0 0.075 0.099 0.162 0 0.122 0.089 0.115 0 
A. yunnanense 0.023 0.019 0.024 0.000 0.072 0.120 0.162 0.000 0.124 0.091 0.116 0.000 





a AUN“ 


Oe 


Lu 


rhcLOOUUUUOUUUUDOUU:CUOUOUsIUU00UUUU.0000 
pDBugugggupggupaupaugugdgpagpsgagudgubpdubu uu 
OO MPO Ni UD DBOUUEUDUUHU UL 790 8801. DL D UO U UD D U 
Duggugupgupgagupaupugguggupggpaggugibsubu 
pDaougupgugupgggpaupgagupgaugudgutudliblubu 
D.Dagupggapgug.naouppgunpu.deguuunBaduddulutllu 
UO MOC, 1999), DUOSUUUOUUO0.OU00U0U0U00CUOO 
O00000. 00000000N 100%, 
OUOUUU 00 0 OenL-F0 rps4-trasgo 00000000: 0000000 
O00O0OOOOOCOOOOOOOCOOOOOOO ND, O mL) rps4-trash O 
DBupugupupggpupgggaupagugubduulu 
DUBggBgpDpgHupBunpaulubdul bNAI DLL D UD SIO 50 Uu 
DUBOBDBDHBUDDHlubs bes rsou üuluuiul.-reu;: mcr-F 
rpsa-irnSL] QO B. D. U D. HL D UD : O rps4-trasd HD U D D U D U UU rèc) s5 
0. O ps0 O03000 eeLQOUOUUU.O0UU00UUOUUUUUUUUUO.O 
DuBDauuuppnagaugugupadulgupauüulubdüubl ub relh UDD 
0.023; [] trnL-F[] rps4-trnst] OO UU BU DO UD B Uu «0 D U D D U D D U D 0.15 
010, JH;DBD BH uBDD HH DD H HL DL D UU D] 6»end B D . ü C D D 
DU UU anr-FI ops4-rmS\Q OO OOUUO0U0UU.00000U0000 
DuBupuupnuggdupgpau.upugpgupdpgunpaguduuuuulu 
DBog.nuupnpuuspngaüuuggguppBggp.uDpBagagpauu.u 
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os 4.000 DNAD D o 
Table5 Substitution rate for several genes in Asplenium™ 
DNA| » D Oo” D 3 
DNA fragment Length (bp) Total substitution rate Nonsynonymous substitution rate 
rbcL 1358 0.0664 0.0074 0.0760 0.0095 
trnL-F 404 0.1559 0.0218 
rps4 578 0.1067 0.0148 0.0959 0.0166 
rps4-trnS 337 0.3117 0.0390 
*Asplenium scolopendrium{] A. unilaterale[] [] ; 1) [ A. scolopendrium[] ; 2) Kimura-2 5:3) 
Li-Wu-Luo ü 
*Comparison between of Asplenium scolopendrium and A. unilaterale; 1) Number of base pair in A. scolopendrium; 2) 





Genetic distance of Kimura-2 parameter; 3) Genetic distance of Li-Wu-Luo. 
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